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cC:T^  Abstract 

During  the  period  indicated  above  we  have  made  a large 

c;r!  oo 

•=5::  number  of  yield  measurements  for  the  formation  of  nitric  oxide 

in  an  electric  discharge,  "e  have  tested  thoroughly  the  simple 
analytical  method  selc-ctod  as  most  suitable  for  our  purposes. 

So  far  we  have  boon  able  to  obtain  steadily  increasing  degrees 
of  conversion  and  yields  of  nitric  oxide  per  KWH  of  power  con- 
sumed in  the  discharge.  As  a matter  of  fact,  using  a gas  mixture 
of  equal  volumes  of  nitrogen  and  oxygen,  we  hav^  obtained  a 
reactor  exhaust  containing  about  16  volume  per  cent  of  nitric 
oxide  at  a power  yield  of  50  grams  of  nitric  acid  per  K^H  con- 
sum.ed,  A beginning  has  been  made  tovnards  a kinetic  analysis  of 
the  reactions  taking  place  and  determination  of  their  rates  as 
functions  of  power  input,  average  pressure,  gas  flow  rats,  gas 
composition  and  other  variables.  As  a general  summary  the  re- 

I 

I suits  obtained  so  far  indicate  definitely  that  the  higher  the 

' flow  rate  and  the  pov;er  input,  tl'c  higher  the  degree  of  conversion 

I and  the  yield  of  nitric  oxide.  With  varying  pressure  a fairly 

flat  maximum  yield  seems  to  be  indicated  at  a pressure  of  about 
120  to  lIiO  mm  Kg, 
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Experiment'',!  Procedure 

All  '"oasurenent s , except  those  carried  out  for  the  study 
of  the  kinetics  of  the  loactions  taking  place  in  the  discharge, 
were  obtained  using  a water-cooled  reactor  with  a center  tube 
having  an  inner  diameter  of  6 mm  and  a length  of  l6  inches. 

The  hot  electrode  was  made  of  solid  brass  and  piovidcd  with  four 
he.avy  circular  coolina  fins.  It  was  machined  to  fit  vacuum  tight 
a 29/U2  standard  taper  joint.  The  1;!?°  angle  V-tip  of  the  electrode 
ended  abo’ut  half  an  inch  above  the  center  of  the  reactor's  center 
tube.  The  flowing  gas  mixture  was  admitted  through  a center  hole 
in  the  hot  electrode.  This  hole  ended  however  about  half  an  inch 
away  from  the  V-tip  and  an  opening  vras  provided  by  drilling  another 
hole  at  right  angle  to  the  main  axis  of  the  electrode  and  ending 
at  the  center.  In  this  manner  turbulent  flow  of  the  gas  stream 
vras  obtained  as  it  entered  the  reactor. 

At  the  opposite  end  of  the  reactor  it  widened  o'ut  to  an  inner 
diameter  of  about  35  mm  in  order  to  accommodete  the  water-cooled 
ground  electrode.  This  was  made  of  thin-walled  copper  tubing 
and  ended  in  a slightly  rounded  V-ti.p  a few  millimeters  away  from 
the  outlet  end  of  the  center  tube  of  the  reactor.  To  be  able  to 
handle  larger  gas  flows  the  reactor  v;as  provided  with  a standard 
Pyrox  I-I/2  inch  oipo  joint  and  was  coupled  to  a Pyrex  pipe  tee 
which  furnished  mounting  for  the  ground  electrode  and  connection 
with  the  vacuum  line.  Side  outlets  to  the  reactor  were  provided 


for  pressure  readings  and  sampling  of  the  gas  stream.  Pressures 
were  measured  using  VJallaco  and  Ticrnan  absolute  ma.nomotors  having 
an  accuracy  better  than  one  millimeter  mercury. 

All  gas  flows  were  measured  with  simple,  capillo.ry-type  glass 
flow  motors  using  i-butyl  phthalatc  as  manometer  liquid.  A series 
of  these  flow  motors  vrore  mounted  on  a panel  board  X'lith  appropriate 
needle  valves  and  pressure  rogxilators.  Their  outlets  were  joined 
to  a manifold  making  it  possibl.i  to  produce  a flowing  gas  mixture 
containing  up  to  six  different  gases,  all  accurately  controlled 
individually.  A number  of  interchangeable  flow  tips  calibrated 
with  a precision  uet  tost  rnetor  provided  *'  series  of  overlapping 
flow  ranges  for  the  gases  to  bo  em.ployed. 

To  obtain  a sample  of  the  gos  stream  as  it  had  passed  through 
the  discharge  main,  a small  portion  was  led  through  the  side  out- 
let in  the  reactor  provided  for  the  purpose  into  a manifold  for 
six  separate  gas  sampling  bottles  of  standard  typo  and  size.  The 
outlets  of  the  gas  sampling  bottles  were  connected  with  another 
manifold  leading  to  a small  vacuum  pump  provided  for  their 
eva.cuation.  To  take  a gas  sample  from  the  reactor  a slow  stream 
was  first  allowed  to  pass  through  the  evacuated  sample  bottle  to 
be  used  during  a period  of  t’vo  minutes  after  a steady  discharge 
state  had  been  reached.  After  closing  the  outlet  stopcock  in  the 
sample  bottle  the  corresponding  needle  valve  in  the  inlet  manifold 
was  fully  opened  slowly,  the  reactor  outlet  pressure  noted,  and  the 
inlet  stopcock  of  the  sample  bottTo  closed. 
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The  output  from  the  R-38  DC  power  supply  used  as  current 
source  was  controlled  employing  a Unchlett  type  ML-3668  triode 
D-ower  tube  and  a I4OO  watt  variable  bias  rt?sistor.  The  carefully 
filtered  power  output  was  continuously  variable  to  give  a maximum 
?f  about  1800  watts  over  sh-'rt  periods  of  time.  This  latter  out- 
put necessitated,  however,  forced  e-^ollng  of  the  hot  reactor 
electrode  and  only  a rough  adjustment  of  the  current  could  be 
made.  Current  and  voltocre  wore  measured  using  calibrated 
instruments • 


Experimental  Pccsults 

Some  of  the  data  obtained  arc  summarized  in  Tables  I,  II  and 
III.  The  formation  of  nitric  oxide  in  elc-ctric  discharges  has 
been  studied  extensively  during  the  last  seventy  years  and  it  vjould 
seem  that  every  posaipic  an^le  already  had  been  covered.  However, 
a large  amount  of  the  available  material  is  contradictory  or  ob- 
tained under  widely  different  conditions,  makinr  a comparison  of 
the  data  published  difficult  or  impossible.  However,  as  far  as 
we  have  been  able  to  prr'coed  up  to  the  present  time  our  results 
seem  to  coincide  fairly  well  with  t uO  rocGnt.  d?. ■fca  of*  S«  S«  Vasi I’e v 
(Kinetic  Analysis  >f  Chemical  Processes  in  Electric  Discharges, 
Vestnik  Hoskov.  Univ.  6,  Mo.  8,  Scr.  Fiz.-Eat.  i Estestven.  N.auk, 
Mo.  3',  79-96,  19^1;  Chem.  Abstr.  h6,  3876,  1952).  In  Table  I, 

Part  I arc  given  some  data  obtained  usin.:  air  at  a constant  flow 


varyin.-T  pressure  and  discharge 
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rate  of  U«Q  liters  per  minute, 
maintained  somewhat  above  minimum  sustaininr  energy.  These  data 
have  been  plotted  in  Firurc  1 and  seem  te  indicate  that  a fairly 
flat  maximum  power  yield  is  '>btaincd  in  the  pressure  range  of 
ab''ut  120-lUO  mm  mercury. 

In  Part  II  -^f  Table  I arc  riven  various  data  obtained  at 
the  same  fl'-w  rate  but  with  a mixture  of  equal  volumes  of  pure 
•■'xygen  and  nitr''gen  at  approximately  the  sane  average  pressure 
•’nd  varying  power  input.  As  sh-^wn  in  Figure  II,  these  date 
sugfTCst  the  possibility  that  the  yield  "'f  nitric  oxide  increases 
linearly  with  the  power  input.  Part  III  of  Table  I summarisses 
some  data  which  seem  t'  show  that  mixinr  the  air  stream  with  a 
large  volume  of  water  van''r  has  a negligible  influence  on  the 
yield  at  l-^w  p -wer  inputs,  i^rhilo  at  higher  ^nes  the  yield  is  de- 
creased consider. "'bly,  A few  measurements  n''t  given  here  have 
shown  that  addition  of  helium  gas  appeared  to  have  a pure  dilution 
effect  decreasing  the  yield  in  the  ratio  to  the  amount  added. 

Table  II,  Part  I summarizes  a number  of  measurements  using 
air  at  different  flow  rates  and  fairly  high  power  inputs.  In- 
specti'^T.  of  the  data  shows  immc'^iatcly  .a  steady  increase  in  all 
cases  .of  the  yield  of  nitric  oxide  with  power  input  .and  flow  rate 
up  to  the  limits  within  which  we  were  able  to  operate.  Part  II 
of  T.ablc  II  gives  some  corresponding  noa.surcments  using  air  en- 
riched with  oxygen  to  give  a gas  mixture  containing  equal  volumes 
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of  oxypcn  and  ni  broken.  At  equal  flovr  rates,  povjcr  inputs  and 
pressures  oxyrcn-cnrichcd  air  (drives  considerably  higher  yields 
than  ordinary  air,  which  is  in  arrreement  with  a number  of  older 
observations. 

Tabic  III  rrives  some  data  obtained  with  a tapped  reactor 
designed  for  kinetic  analysis  of  the  processes  taking  place  in 
the  discharge.  This  reactor  had  seven  equidistant  outlets  from 
the  center  tube  and  which  were  jcinc!’  together  outside  the  cooling 
mantel  to  form  a manifold  for  sampling  purposes.  Fach  outlet  had 
a stopcock  inserted  and  thus  individual  samples  could  be  withdrawn 
from  every  one  of  them.  The  inner  diameter  of  the  center  tube 
was  6 mm  and  the  outlets  v;ere  placed  at  a distance  of  three  inches 
fr'^m  center  to  center.  Both  h-'t  and  rr'^und  electrodes  employed 
were  the  same  ones  as  those  used  for  the  react  r described  above. 

Plotting  the  amount  -'f  nitric  oxide  formed  per  liter  of  NTP 
gas  it  is  foun"':,  as  sh^wn  in  Figure  III, that  its  concentration  in- 
creases steadily  as  the  gas  stream  passes  through  the  reactor. 

On  the  other  hand, as  illustrated  in  Figure  IV,  the  yield  of  nitric 
oxide  per  KWH  sh'-'ws  a fairly  well  defined  maximum  when  the  gas  has 
traversed  about  one-third  •■'f  the  total  length  of  the  reactor.  No 
detailed  calculations  have  been  made  as  yet  with  regard  to  the 
significance  of  the  data  presented,  but  they  do  indicate  an  ex- 
tremely high  rate  ' f f-'rmation  the  nitric  oxide,  which  increases 
rapidly  with  the  r v;er  in’-ut  while  the  rate  of  decomposition  must 
be  considerably  lower,  which  is  in  agreement  with  the  data  of 
Vasil' cv  quoted  above. 
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Future  >'fork 

The  mein  object  of  ''ur  project  was  to  find  out  what  in- 
fluence the  presence  f^f  carbon  monoxide  in  relatively  Inri^e 
quantities  would  have  on  the  yield  of  nitric  oxide  in  an  electric 
r'ischarjTG.  To  lo  this  it  was  considered  necessary  first  to  lay 
a solid  foundation  •■■f  yield  f^ata  in  the  absence  of  carbon  monoxide. 
Thus  we  arc  roino  to  continue  the  typo  of  measurements  ve  have 
been  doin.o  up  to  the  present  time,  with  the  main  idea  in  mind  to 
improve  the  yield  still  further  an-'’  to  continue  the  study  of  the 
kinetics  of  the  reactions  takin-  place.  To  obtain  increased 
yiel'^s  wo  will  chan-o  ^-ver  fr^m  a class  tc  a quarz  reactor  and, 
at  the  same  time,  make  it  somewhat  sh  -rtor  and  rive  it  a larcer 
bore.  The  center  tube  will  be  split  at  ripht  ancle  near  the  hot 
electrode  and  the  ras  mixture  will  be  intro'’uccd  near  the  opposite 
end  usino  a side  inlet  to  the  mantel.  In  this  manner  the  pas 
will  be  stronrly  preheated  before  it  enters  the  discharpe  which 
should  reduce  the  povrer  consumption  somewhat.  Shorteninp  and 
wideninr  tho  center  tube  will  decrease  the  space  velocity  and 
lenrthon  the  contact  time  at  tho  same  time  the  power  required  to 
sustain  the  discharre  docreas's.  Lenpthenino  the  contact  time 
should  also,  as  stronrly  indicate'^  in  Fipure  III,  increase  the 
yiel'^  of  nitric  oxide  "or  K’'fH. 
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Table  I 

. Part  I. 

Yield  of  nitric  acid 

per  KWH  using  a 

DC  discharge,  an 

air  flow 

of  h 

.0  liters 

per  minute  at 

various 

pressures 

1 and  close  to 

niminum 

sustaining 

energy. 

Voltage 

Current 

Power 

Pressure  in 

mm  Hg 

Yield  of 

HNO3 

KV 

MA 

watts 

inlet 

outlet 

average 

gram  / ! 

KWH 

6.8 

hi 

320 

J rv 

2h 

32 

h . 6 

8.0 

hh 

352 

50 

37 

h3 

u.u 

8.1 

Sh 

h37 

60 

h7 

53 

5.0 

8.3 

6h 

531 

70 

57 

63 

5.0 

8.8 

81 

713 

So 

66 

73 

5.7 

8.1 

98 

79h 

90 

76 

63 

8.8 

7.1i 

128 

9L7 

100 

8h 

93 

9.7 

7.6 

1L2 

1079 

110 

95 

103 

10.8 

7.8 

152 

1185 

120 

105 

113 

17.0 

8.0 

l6l 

1288 

130 

116 

123 

17.1 

8,0 

175 

lUOO 

lli2 

128 

135 

17.8 

8.2 

191 

1566 

156 

llih 

150 

Ih.O 

Table  I. 

Part  II. 

Yield  0 

-f  nitric  acid 

per  Kl'JH  using  a 

DC  disci. 

arge,  a gas  rnixtur 

e containing  equal  voluiaes  of 

nitrogen 

fc  oxygen 

flowing 

at  a 

total  rate  of  h.O  liters 

per  minu 

t?  a.t  approxin’.atcl 

y constant  average  press 

ur  e . 

Volta  r-c 

Current 

Pow'.r 

Pro 

ssure  in 

mm  H g 

Yield  of 

HNO3 

KV 

KA 

watts 

inlet 

outlet 

average 

gram/KVJH 

7.-6 

102 

775 

92 

80 

86 

6.8 

7.? 

112 

8h0 

90 

76 

83 

7.7 

7.2 

131 

9L3 

90 

76 

83 

9.0 

6.8 

150 

1020 

90 

7h 

82 

10.9 

6.h 

190 

1216 

90 

71 

80 

10.5 

5.9 

230 

1357 

90 

69 

rs 

i ^ 

13*8 

5.h 

285 

I5!i0 

90 

65 

77 

16.8 

■— 3- 
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Table 

I.  Par 

t III.  Yield  of 

nitric 

acid  per 

KWH  using 

a 

DC  discharge 

, air  as 

such  or 

satur a 

ted  with 

water  vapor  at 

ordinary  temperatures 

at  the 

total  1 

pressures 

indicated 

• 

A.  '•Measurements 

vrith  a 

ir  as  such 

Flow 

oltage 

Current 

Power 

Pressure  in 

mm  Hg  Yield  of  HNO-j 

lit./fiin. 

KV 

KA 

watts 

inlet 

outlet 

average 

gr.AWH 

h.O 

6.1 

89 

5li3 

53 

33 

li3 

11.3 

h.O 

li.9 

l5li 

755 

53 

23 

38 

11.9 

ii;0 

h.7 

171 

8oli 

53 

20 

36 

13.2 

I'.O 

li.3 

200 

860 

53 

11 

32 

lb. 8 

li.O 

6.1 

91 

555 

53 

33 

li3 

11.6 

6.0 

7.3 

109 

796 

80 

li7 

63 

8.9 

6.0 

6 . li 

lli8 

9li7 

80 

38 

59 

13.1 

3. 

M c a s u 

roments  with  lir 

s atur a 

ted  with 

water  vapor 

at  r ; 

actor  ini 

v-t  pressure  by 

bubbling 

it  through 

a porous  plate 

inme-r  s 

ed  in  w-at 

er . 

Flow 

Voltage 

Current 

P 0 w ; r 

Pr 

assure  in 

mm  Hg  Y 

ield  of  HNO3 

lit./iin. 

KV 

I' A 

i\'atts 

inlet 

outlet 

average 

gr./KW’H  ■ 

li.O 

6.6 

77 

508 

53 

31 

1,2 

6. 8 

li.O 

5.8 

111 

6l,b 

53 

26 

1,0 

6.1 

h.O 

5.0 

155 

775 

53 

16 

35 

9.5 

li.O 

li.8 

182 

87U 

55 

3 

29 

13.6 

li.O 

li.7 

210 

987 

58 

3 

30 

17.1 

6.0 

7.5 

112 

81,0 

80 

50 

65 

6.2 

6.0 

6.5 

155 

1008 

80 

1,1 

60 

7.9 

6.0 

6.3 

169 

1065 

80 

37 

58 

7.8 

6.0 

5.8 

200 

1160 

30 

28 

5U 

7.7 

6.0 

5.5 

220 

1210 

81 

9 

li5 

6.3 

6.0 

8.3 

133 

111,5 

100 

80 

91, 

8.6 

6.0 

7.9 

165 

1303 

108 

79 

93 

11.7 
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Table  I:.,  Part  I.  Yield  of  nitric  acid  per  KVJII  using  a 
DC  discharge  at  various  air  flow  rates  in  liters  per 
minute,  pressures  6 power  inputs. 


Flow 

Voltage 

Current 

Power 

Pressure  mm  Hg 

Yield  afhllCk 

KV 

MA 

watts 

inlet 

outlot 

a^rage 

gr, /KWH 

3.0 

6.8 

67 

h55 

52 

ii9 

h6 

6.9 

3.0 

6,h 

80 

512 

52 

ho 

h6 

9.h 

3.0 

5.6 

120 

672 

53 

39 

h6 

9.8 

3.0 

5.2 

156 

811 

53 

38 

h5 

8.6 

3.0 

5.1 

130 

702 

53 

38 

h5 

11.3 

a.o 

5.3 

105 

609 

51 

27 

39 

11.9 

h.  0 

5.0 

165 

825 

5l! 

21 

afi 

11.9 

a.o 

5.1 

220 

1122 

6? 

35 

51 

17.3 

ti . 0 

6.7 

210 

lh07 

100 

82 

91 

17.8 

5.0 

5.3 

2h8 

13lh 

81 

39 

60 

2h.3 

5.0 

5.9 

230 

1357 

90 

57 

7h 

20,8 

5.0 

6.6 

210 

1386 

IOC 

73 

37 

23.9 

6.0 

5.7 

2I4O 

1368 

90 

ho 

65 

2h.h 

6.0 

6.7 

200 

13b0 

100 

65 

83 

2h.l 

7.0 

6.8 

175 

1190 

97 

58 

78 

19.3 

7.0 

6.1 

232 

Ihlh 

100 

51 

70 

19.1 

7.0 

6.7 

220 

1U7U 

110 

70 

90 

25.5 

7.0 

7.2 

205 

lh76 

122 

8h 

103 

30.1 

7.0 

7.6 

202 

1535 

131 

98 

llh 

27.5 

8,0 

5.9 

280 

1652 

111 

h5 

78 

27.7 

8.0 

6.3 

272 

171!' 

120 

65 

92 

28.2 

8.0 

6.9 

250 

1725 

130 

83 

106 

36.2 

9.0 

6.3 

265 

1670 

120 

h5 

82 

30.3 

9.0 

7.0 

250 

i?5o 

130 

71 

100 

33.8 

10.0 

6,'u 

255 

1632 

120 

39 

79 

30.1 

10.0 

6.3 

2h5 

1666 

125 

60 

92 

37.2 

10.0 

6.8 

260 

1768 

131 

68 

99 

35.7 

11.0 

6.  3 

310 

1953 

135 

33 

8h 

35.0 

11.0 

6,6 

290 

191a 

138 

60 

99 

h2.6 
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Table  II,  ”art  II.  Yield  of  nitric  acid  per  K' H usinf^  a 
DC  discharrre  with  oxyf»en- enrichc-d  air  couLainini;  equal 
volumes  of  oxyf^en  & nitrogen  at  various  flov;  rates 
in  liters  per  minute,  pressures  ^ power  inputs. 


Flow 

Voltafie 

XV 

Current 

HA 

Power 

watts 

Pressure  ran  Hg 
inlet  outlet  average 

Yield  of  HI'103 
gr./K’fH 

8.0 

6.5 

165 

1203 

9U 

l»0 

67 

19.6 

0.0 

7.0 

175 

1225 

100 

Six 

77 

2U.2 

G.O 

6,8 

210 

lh28 

109 

61 

85 

31.6 

8.0 

6.2 

265 

161j3 

110 

5U 

82 

3U.U 

3 . 0 

6.8 

2U5 

1666 

121 

75 

98 

36.  3 

8.0 

7.1 

250 

1775 

131 

PO 

110 

111 . 6 

3.0 

6,U 

275 

1750 

120 

68 

91 

■?o  ^ 

10.0 

6.U 

'~i  /L  /\ 
c wj 

l66ij 

119 

39 

79 

37.1 

10.0 

6.6 

255 

1683 

122 

50 

86 

37. u 

10.0 

6.U 

200 

1792 

125 

53 

89 

110.5 

10.0 

6.6 

270 

1782 

127 

59 

93 

>■2.9 

10.0 

6.8 

265 

1802 

131 

67 

99 

50.0 

11.0 

6.6 

275 

I8l5 

131 

35 

63 

U3.7 

11.0 

6.6 

280 

I8h8 

132 

hS 

88 

1x6.3 

11.0 

6.8 

270 

1836 

13U 

60 

97 

1x6 . lx 

.n.c-'oJroH  ->]0'Vjvtr-u>foi-‘  -^OUT,c-UjroH 
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'^able  III.  Yielr!  of  nitric  acid  per  KWH  using  a tapped 
reactor,  a DC  discharge  .<•  an  air  flow  of  )j.O  liters 
per  minute.  Yield  at  a given  outlet  of  the  reactor 
computed  assuming  linear  variation  of  potential  drop. 

Outlet  Dist.  to  Voltage  Current  Press,  in  mm  Kg  g. /^t.  gas  Yield  HNOo 

number  hot  electr.  KV  MA  irOat  outlet  HKO ^ xlQ^  g. /KWH 

A.  Average  total  power  input  6l2  watts 


5" 

8.5 

72 

51 

I47 

7.3 

13.8 

8 

8.5 

72 

51 

l4l4 

12.1 

ili.l 

11 

8.1i 

73 

51 

I4O 

13.1 

11.2 

lU 

8.1i 

73 

51 

37 

1I4.7 

9.9 

17 

5.h 

73 

51 

33 

16.  3 

9.0 

20 

^ • u 

( j> 

Cl 

30 

17.  3 

8.2 

23 

8.6 

71 

51 

26 

21.3 

8.7 

B.  Aver 

age  t 

otal  power 

■ incut 

830  watts 

5 

6.8 

122 

5h 

I49 

II4.6 

20.5 

8 

6.8 

12  2 

5ii 

I4I4 

22.6 

19.6 

11 

6.8 

122 

5h 

liO 

26 . h 

16.5 

lU 

6.9 

120 

514 

35 

31.5 

15.6 

17 

6.9 

121 

5ii 

29 

liO.5 

16.5 

20 

6.9 

119 

514 

23 

lii.i 

11.2 

23 

7.0 

118 

514 

13 

1j9.1 

lu.8 

C.  Aver 

age  total  power 

' input 

ll81j  watts 

5 

7.1 

ioO 

67 

62 

16. 14 

16.0 

8 

7.li 

160 

67 

58 

33.9 

20.7 

11 

7.3 

160 

67 

53 

35.7 

15.8 

lU 

7.li 

l6o 

67 

liS 

18.7 

16.9 

17 

7.h 

l6o 

67 

li3 

56.2 

16.1 

20 

7.h 

l60 

67 

38 

55. U 

13.5 

23 

7.h 

l6o 

67 

33 

58.0 

12.3 
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The  Determin?it.ioii  of  the  Amount  of  Nitric  Oxide 
Formed  in  an  Electric  discharge 

by  Hilbur  Simon 

Intr oducti on . Many  reagents  are  available  for  the  color- 
imetric determination  of  nitrates.  The  reagents  most  commonly 
used  are  diphenyl  amine  and  phenoldisulf onic  acid.  In  addition 
to  these  ferrous  sulfate,  strychnine,  methyl  umbellif erone  and 
brucine  have  been  employed.  Each  reagent  has  its  drawbacks; 
phenoldisulf onic  acid  must  be  prepared  fresh  and  can  be  used  only 
in  the  absence  of  water.  uiphenylam.ine  is  an  oxidation-reduction 
indicator  and  is  sensitive  to  other  oxidizing  agents.  Ferrous 
sulfate  is  an  unstable  reagent  being  oasilj’’  oxidized  to  ferric 
iron  by  contact  with  air.  Strychnine  is  the  most  sensitive  of 
these  reagents  but  requires  freshly  prepared  solutions  each  time. 
Methyl  umbellif  erone  was  not  as  soluble  as  stated  in  the  literature 
and  the  procedure  given  did  not  yield  the  expected  results  when 
followed . 

Brucine  in  chloroform  or  brucine  sulfate  in  water  solutions 
wore  found  to  be  best  suited  for  the  analysis  of  the  gas  samples 
withdrawn  from  our  discharge  reactors.  Although  the  procedure 
worked  out  is  very  simple  many  precautions  must  be  carefully  ob- 
served in  order  to  obtain  a precision  of  2 per  cent  or  better. 
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Discussion  of  procedure.  The  nitration  of  brucine  sulfate 
in  dilute  solutions  rea_uirc£  a fairly  hiph  temperature  of  the 
liquid.  The  heat  required  is  furnished  by  the  heat  of  solution 
of  sulfuric  acid  in  water.  Unless  the  brucine  sulfate  is  dis- 
solved before  the  concentrated  sulfuric  acid  is  added  some 
nitrate  may  be  lost  as  nitric  acid.  If  the  reaction  is  quenched 
before  full  color  develonment  has  taken  place  the  addition  of 
distilled  water  will  produce  additional  color  but  the  heat  of 
solution  at  this  point  is  inrsuf f icient  to  produce  complete  color 
development  with  regard  to  the  unreacted  amount  of  nitric  acid 
present  in  the  sample. 

Dilution  to  any  given  volume  is  complicated  by  the  expansion 
of  the  liquid  due  to  further  evolution  of  heat.  When  the  solution 
is  cooled  to  room  temperature  the  volume  will  decrease  and  the 
addition  of  more  water  will  warm  the  solution  again.  However, 
with  some  practice  it  is  possible  to  gage  the  dilution  in  such  a 
manner  that  the  solution  will  come  close  to  the  desired  volume 
when  it  has  cooled  to  room  temperature.  hTien  the  solutions  are 
transferred  to  the  photometer  absorption  cells  bubbles  are  formed 
on  their  walls  and  several  minutes  are  required  for  them  to  come 
to  the  surface  so  that  a valid  reading  can  be  made.  In  addition 
to  the  precautions  just  given  all  glass  ware  used  must  be  washed 
with  generous  quantities  of  distilled  water.  If  r eagent - grade 
sulfuric  acid  is  used  no  further  purification  is  necessary  pro- 
vided that  a suitable  reagent  blank  is  ■employed  as  reference. 
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A study  was  nadc  of  all  pertinent  phases  of  the  analytical 
procedure.  Thus  it  was  found  that  the  rate  of  addition  of  the 
sulfuric  acid  does  not  affect  the  results  obtained.  Addition 
times  ranging  from  five  seconds  to  one  minute  were  tried  and  found 
to  give  negligible  variations.  After  the  addition  of  sulfuric 
acid  had  been  completed  the  optical  density  of  the  solution  in- 
creased steadily  during  the  first  five  minutes  and  then  it  showed 
f'  no  further  increase  over  a period  of  fifteen  minutes  or  more.  As 

r an  added  precaution  to  gel  ti.  y comparable  results  the  time  of 

color  development  was  st  are ..  •rdized  t;  a l.,;jgth  of  five  minutes. 

In  the  case  of  brucine  sulfate  which  is  only  slightly  soluble  in 
cold  water  a saturated  solution  was  first  prepared  at  room  tem- 
perature and  then  filtered  and  diluted.  Precipitation  of  brucine 
sulfate  would  affect  the  precision  of  the  analysis,  since  the 
optical  density  of  the  resulting  solution  increases  with  its  con- 
centration. The  same  is  true  for  the  quantity  of  sulfuric  acid 
employed  which  must  be  the  same  in  all  cases  to  get  comoarablo 
results.  Whether  nitrites  or  nitrates  arc  present  they  give  the 
same  analytical  result. 

The  absorption  of  the  oxides  of  nitrvogen  in  the  gas  samples 
is  accelerated  by  the  use  of  an  oxidizing  agent.  Either  hydrogen 
peroxide  or  potassium  permanganate  may  be  employed  for  this  pur- 

'S 

pose,  but  because  both  of  them  contain  minute  amounts  of  nitrates  ’ 

the  solution  blanks  should  contain  these  reagents  in  appropriate 
quantities.  If  too  much  permanganate  is  added  to  a sample. 
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solution  manganese  dioxide  may  be  formed  which  co-precipitates 
part  of  the  nitric  acid  present  as  manganous  nitrate.  This  may 
be  remedied  by  analysis  of  the  precipitate  after  dissolving  it 
in  a miniinum  quantity  of  hydrochloric  acid. 

Using  the  procedure  t be  described  below,  quite  precise 
results  have  been  obtained  and  ab- ur  fifty  determinations  may  be 
carried  o^it  par  day.  Several  hundred  analyses  have  already  been 
perf  ■'rm.ed  and  the  meth  'd  appears  to  bo  reliable.  The  precision 
achieved  seems  to  be  within  the  limitations  of  the  instrument 
employed.  There  is  s^me  doviati'n  from  the  Beer-Lambart  law  which 
is  based  on  the  use  of  m^nochr  matic  light.  A filter  photometer 
like  the  one  used  gives  a comparatively  wide  band  of  light. 

Analytical  procedure.  The  gas  sampl.s  arc  collected  in 
evacuated  sampling  tubes  as  previously  dr. scribed . About  70  cc  of 
It^OO  sulfuric  acid  containing  potassium  permanganate  is  sucked 
into  the  tube  by  oponing  the  l^wor  stopcock.  After  the  solution 
has  been  all"'wcd.  to  stand  over  nig!it  it  is  drained  into  a 100  cc 
volumetric  flask  and  the-  sample  tube  is  rinsed  three  or  four  times 
with  distillcdi  water,  the  washings  being  added  to  the  volumetric 
flask  containing  the  sample.  The  sample  is  finally  diluted  to 
100  cc  with  distilled  water. 

A five  cc  sample  is  then  pipetted  into  a 25  cc  Pyrex  volumetric 
flask  and  six  drops  of  an  aqueous  solution  of  brucind  sulfate  are 
added  fallowed  by  10  cc  of  concentrate^  sulfuric  acii^  from  a 50  cc 


burette  in  order  to  maintain 
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sufficient  accuracy.  The  resulting 
mixture  is  swirled  gently  and  allowed  to  stand  for  five  minutes# 

It  is  then  placGc!  in  ice  water  and  diluted  to  2$  cc  with  distilled 
water.  The  optical  density  of  the  solution  is  measured  with  a 
Fischer  "Elec troohotemeter"  using  a suitable  reagent  blank  and 
employing  a la25  millimicr ■''n  optical  filter.  The  reading  obtained 
is  matched  with  the  curve  for  rea-’ings  previously  made  with  a 
scries  of  stan.'.ar  l s^luti 'ns  of  p-'tassium  nitrate  following 
exactly  the  same  Dr'ce'’uro.  ’dhenever  a fresh  brucine  sulfate 
solution  is  prepared  a nciJ  calibrati^'n  curve  is  made  up  by  suc- 
cessively pipetting  off  1,  2,  3,  h 5 cc  af  a standard  potassium 

nitrate  solution  containing  the  equivalent  -f  10  micrograms  of 
nitric  aci^’  per  cc.  All  aliqu  ts  arc  dilute-’  with  sufficient 
distilled  water  to  brina  the  v'lumj  to  exactly  five  cc.  Figure  V 
is  a calabrati 'n  curve  -'rawn  using  data  ‘.'btained  by  the  above 
procedure.  It  sh'vrs  only  a minor  -'eviaticn  from  the  Beer-Lambcrt 
1 av:. 

Table  I summarizes  tno  data  ■'Stained  f-'r  a representative 
series  of  samples  analyzed  February  20,  19$h.  Alx  samples  con- 
tained -'.ifferent  am -unts  f nitric  acid  an  ' all  determinations 
vjere  ptirf-^rmed.  in  duplicate. 

In  order  to  determine  the  abs  'lute  erocisi-^n  -f  the  method 
nine  sam.ples  of  a stan  'ar  ’ s-'luti'  n of  p-  tnssium  nitrate  containing 
50  micrograms  of  nitric  acid  were  analyzed.  The  results  obtained 


are  shown  in  Table  II 
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Table  I.  Some  data  showing  precision  of 
analytic al  procedure  utilizing  brucine 
sulfate  for  determination  of  nitrates. 


S amp 1 e 
number 

Rel.  optical 
Dot.  i 

density 
Det.  II 

Deviation 
in  percent 

1 

Ih.O 

ll.O 

0.0 

2 

Ih.l 

Ih.l 

0.0 

3 

39.  h 

38.6 

1.0 

h 

Ih.li 

lli.O 

l.h 

5 

7.2 

7.2 

0.0 

6 

9.0 

9.0 

0.0 

7 

Ih.l 

13.7 

l.h 

8 

6.6 

6.6 

0.0 

9 

9.8 

9.7 

1.0 

Table  II. 

The  precision  of 

the  brucine  sulfate 

procedure  •’ 

IS  given  by  the  a: 

nalysi s 

of  a solution 

containing 

80  mi^crorrams  of 

nitric 

acid . 

Sample 

Reading  Sample 

Reading 

1 

37. li 

6 

37.8 

2 

37.8 

7 

37.8 

3 

39.0 

0 

K) 

37.8 

U 

37.8 

9 

37.7 

8 

37.8 

Table 

III.  The  effect 

of  V a r i 

. ations  in 

amount  of  sulfuric  a 

cid  added  upon 

photometer  reading 

obtained . 

H250i, 

cc  Dot. 

I 

net.  II 

8 

28,1 

28.0 

9 

33.8 

33.8 

10 

36.3 

36.3 

11 

1.0.1 

Uo.  u 
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"^ha  standard  deviation  for  the  data  in  Table  II  is  ll.25 
per  cent.  However  such  a precision  can  be  obtained  only  with 
extrene  care,  one  of  the  most  important  factors  being  the  quantity 
of  sulfuric  acid  added.  Table  III  illustrates  the  importance  of 
measuring  the  amount  of  acid  added  very  carefully. 

The  variations  in  photometer  reading  shown  by  the  data  in 
Table  III  can  not  be  accounted  for  by  nitrates  present  in  the 
ifuric  acid  since  a reagent  blanlc  containing  8 cc  of  the  acid 
y-.  elded  results  showing  an  optical  density  only  0,008  units  lower 
man  one  containing  10  cc  of  acid.  In  Table  IV  arc  given  some 
data  showing  the  effect  of  time  of  color  development  upon  the 
readings  obtained. 

Table  IV,  The  effect  of  time  elapsed  before 
cooling  upon  the  optical  density  observed. 

Time  elapsed  Photometer 

in  minutes  reading 

5 36.1 

6 36.1 

7 36.1 

8 36.1 

10  36,1 


Summary.  If  sufficient  care  is  taken  to  control  the  pertinent 
variables,  brucine  s’llfate  may  be  used  for  the  determination  of 
nitrates  in  aqueous  solutions.  The  method  is  simple  and  well 
within  the  precision  w'hich  can  be  expected  from  a filter  photometer. 


PRESSURE  tN  MM  Hg 


700 


900  1100  300 

POWER  INPUT,  WATTS 


1 500 


MICROGRAMS  HNO 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNA^NT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATEJft,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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